THE ELECTROPHYSIOLOGIC EFFECTS of adenosine and other adenine derivatives were first described by Drury and Szent-Gyorgyi in 1929.' These investigators clearly demonstrated that intravenous administration of adenosine produced a decrease in sinus rate and transient atrioventricular (AV) block. Adenosine is a mediator of many physiologic phenomena and most of the interest in its effects on the cardiovascular system have, until recently, been centered on its ability to regulate regional blood flow in the heart and other organs.
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During the last several years, we and several other investigators have reexamined the electrophysiologic effects of adenosine.2 '6 In our initial experiments, we showed that adenosine produced variable degrees of dose-related reversible AV block in guinea pig and rabbit hearts perfused by the Langendorff technique. The negative dromotropic effect was localized to AV nodal tissue. 5 6 In the anesthetized dog, perfusion of the sinus and AV nodal arteries with solutions containing adenosine produced a decrease in sinus nodal discharge and an increase in AV nodal conduction time, respectively.3'4' 7,8 Studies in isolated segments of the AV node and the isolated perfused mammalian heart have confirmed the earlier observations that adenosine impairs conduction through AV nodal tissue, and that its action is restricted to the proximal portion of the node, i.e., the slow channel-dependent tissue of the AV node.9 In addition to these effects on the sinoatrial and AV nodes, adenosine shortens the action potential duration and hyperpolarizes the membrane of atrial cells. '°" In isolated atrial cells with intrinsic automa-ticity, spontaneous depolarization is inhibited. These effects of adenosine have been attributed to an increase in K' conductance."'-'' Catecholamine-induced triggered automaticity is also prevented by the addition of adenosine to the media.'4 Direct effects of adenosine on isolated ventricular myocytes are less marked, but the effects of isoproterenol on the action potential duration of these cells is antagonized by adenosine. 14 In all of these systems, the effects of adenosine are potentiated by inhibitors of adenosine uptake (e.g., dipyridamole) and antagonized by methylxanthines. Less permeable analogues of adenosine retain electrophysiologic activity, suggesting that the effects of adenosine are mediated by a receptor located on the extracellular surface of the plasma membrane.6 Although significant interspecies differences in sensitivity to adenosine have been noted, qualitatively similar effects have been reported in all mammalian species studied, including man.
Of interest was the finding that when AV nodal conduction was impaired by interventions, such as hypoxia or ischemia, that caused increased release of adenosine from myocardial cells, the AV conduction delay and block was similar to that caused by exogenous adenosine.5' '5 That is, hypoxia in the isolated perfused mammalian heart5 or ischemia of the AV node (ligation of the AV nodal artery) in the dog heart in SitU8' 16. 11 caused a prolongation of the AH interval that often resulted in second-degree AV block. The fact that the hypoxia or ischemia-induced AV conduction block could be modified in a predictable manner by interventions known to antagonize and/or potentiate the actions of adenosine lends support to the concept that the dromotropic effects of hypoxia and ischemia are mediated by the adenosine released from oxygendeprived myocardial cells.5' 6 8. " Dipyridamole (a drug that protects against adenosine degradation by blocking its uptake into cells and hence its deamination to inosine) potentiates and methylxanthines (competitive adenosine antagonists) attenuate the hypoxia and ischemia-induced AH prolongation and AV block. 8 myocardial infarction or spasm of the right coronary artery), which are sometimes not responsive to treatment with atropine, adenosine antagonists may prove to be useful.
Adenosine is rapidly taken up by the cellular elements of the blood and the effects seen after intravenous bolus injections dissipate within seconds. Therefore, it seemed possible that adenosine could be used to term,inate episodes of reentrant supraventricular arrhythmias in which the AV node is involved in the reentrant pathway. We have recently shown this to be feasible and have found administration of adenosine to be a reliable method for terminating paroxysmal supraventricular tachycardia due to both AV nodal reentry and reciprocating tachycardias in which t-he AV node is the antegrade pathway.20 In patients with other forms of atrial arrhythmia, the transient high-grade AV block produced by the injection of adenosine may unmask underlying atrial activity on the electrocardiogram, and thus may help in the diagnostic evaluation of the arrhythmia. Only minor side effects, including transient dyspnea and occasional facial flushing, have been reported by patients in whom episodes of supraventricular tachycardia were successfully treated with adenosine. The dose of adenosine required to terminate the tachycardia was small and did not reduce 1196 systemic blood pressure; in fact, arterial pressure rose as a result of the greater ventricular filling that occurred with termination of the tachycardia. Furthermore, since adenosine is very rapidly inactivated by deamination to inosine and tachyphylaxis to adenosine does not occur, successive doses can be safely given after very brief periods of time. Hence, adenosine, a natural product of the body, has both diagnostic and therapeutic value with respect to supraventricular tachycardias. 20 Finally, since the mid-1950s adenosine triphosphate has been reported to be useful in the treatment of paroxysmal supraventricular tachycardia.21 22 However, only recently has its efficacy become well established and it is now used extensively in Europe for the shortterm management of paroxysmal supraventricular tachycardia.2 26 However, the adenosine triphosphate currently used (Striadyne) contains adenosine and other nucleotides27 (adenosine diphosphate and monophosphate) and furthermore, adenosine triphosphate is rapidly hydrolyzed to the monophosphate which is dephosphorylated to adenosine. Although in some species (e.g., the dog) part of the effect of adenosine triphosphate seems to be vagally mediated (since atropine and/or vagotomy attenuate its action), in man atropi-ne does not antagonize the effects of adenosine triphosphate.28' 29 In the guinea pig heart the AV conduction delay and block caused by adenosine triphosphate is due to its degradative product, adenosine. Thus, it is probable that in humans, as in the case of the guinea pig, adenosine triphosphate must be hydrolyzed to adenosine to exert its effect. Hence, it is adenosine that is the active agent.
As we recognize new properties of adenosine and better understand its actions, additional therapeutic possibilities may be revealed for this interesting nucleoside and perhaps useful stable analogues and antagonists will be developed.
